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INTRODUCTION
Polyphenolic compounds have gained much attention due to their profound health benefits Resveratrol (3, 5, 4′-trihydroxy-trans-stilbene) is a polyphenolic phytoalexin, which can be found in a number of fruits and nutritional sources and in various plants, including grapes, berries and peanuts (Finnell et al., 2017) . It is also present in win (Rafati et al., 2015) . Resveratrol has been the focus of numerous studies investigating its biological attributes, which include mainly antioxidant activities (Chu et al., 2016) . RSV is a polyphenolic compound that has demonstrated antiinflammatory and antioxidant effects, resulting from enhanced antioxidant enzymes production and modulating nuclear factors involved in the inflammation-oxidative stress cycle, as nuclear erythroid 2-related factor 2 (Nrf2) and nuclear factor-kB (NF-kB) (Saldanha et al., 2016) . Pandey & Rizvi (2011) reported potent antioxidant activity of resveratrol, its antioxidant activity that has demonstrated to protect tissues, such as liver, kidney and brain against a variety of damage caused by oxidative stress. Resveratrol inhibits effectively the lipid peroxidation of cellular membranes, the protein oxidation as well as the DNA damage due its ability to directly scavenge various free radicals, including superoxide radicals and peroxyl and hydroxyl radicals (Schmatz et al., 2012) . Opioids produce free radicals and cause apoptosis in some cell. Morphine is an opioid analgesic drug, and the main psychoactive chemical in opium . Morphine is addictive cause physiological dependence . Long-term opioid use is associated with undesirable consequences including renal function (Jalili et al., 2017) . Morphine is a strong analgesic that is absorbed and metabolized in the liver and digestive system and is finally excreted through kidneys (Lan et al., 2013) . Morphine can increase the production of free radicals by activating lipid peroxidation, thereby blocking the antioxidant enzymes and forming free radicals or reactive oxygen species (Ahmadizadeh et al., 2012) . The studies of Malekpourafshar & Zeinalinejad (2005) show that morphine can remarkably damage the kidneys and increase microinjection of podocytes in kidneys. Morphine can also cause the stimulation of diuretic hormone release from kidneys and vascular vasodilation. Considering the destructive effects of morphine and antioxidant properties of resveratrol, and that no study has ever evaluated the effects of resveratrol on morphine-induced damages, this study was aimed to assess the effects of resveratrol on morphineinduced impairments and renal dysfunctions in mice.
MATERIAL AND METHOD
Animals. Forty-eight Balb/c male mice with a weight range of 25 ± 2 g, were used for the present study. Purchased from Tehran Razi institute. Animals were kept at the animal house for one week before the commencement of the study under laboratory conditions at 20±2 °C, 12/12 h light/ dark cycle and free access to water and food. 6 mice in each cage were kept in the standard cages. The experiments were carried out in accordance with the guidelines provided by the Ethics Committee of Kermanshah University of Medical Sciences (Salahshoor et al.) .
Experimental design. The animals were randomly divided into 8 groups (n = 6). Group 1, saline group, received 0.9 % normal saline daily, Group 2. Morphine group, received morphine. Groups 3 to 5 (resveratrol groups) were given 2, 8 and 20 mg/kg resveratrol. Mice in groups 6 to 8 received resveratrol (2, 8 and 20 mg/kg) plus morphine. Morphine administered by interaperitoneally injecting as follows: 20 mg/kg once daily within the first 5 days and twice per day within the next 5 days. On days 11-20, a dose of up to 30 mg/kg twice per day. Mice with resveratrol as follows: On days 1-20, Resveratrol once daily, interaperitoneally injecting. Mice with morphine plus resveratrol as follows: On days 1-20, resveratrol once daily plus morphine, interaperitoneally injecting. The same volume of saline was administered (Ranawat et al., 2014; Jalili et al., 2017) .
Chemicals. Resveratrol (3, 5, 4′-trihydroxy-trans-stilbene) (Merck-Germany) was dissolved in ethanol and diluted by normal saline (0.9 %) to prepare different doses. Morphine (C16H19NO3) was obtained from Sigma Chemical Company (St. Louis, USA) and was dissolved in saline (0.9 %) for administration.
Biochemical Assays and measurement of kidney weight.
All animals were anesthetized with chloroform, Midline laparotomy was performed and kidney specimens were obtained. Blood samples were drawn by cardiac puncture and were incubated at 37 °C to coagulate. The coagulated blood samples were then centrifuged for 15 min at 3000 rpm until the serum was separated. The separated serum was kept at -20 °C until the measurement of biochemical factors and nitric oxide levels. Serum LDH, creatinine and BUN levels were measured by an autoanalyzer (Access Random Liasys) using a kit (PARS -AZMON). Animals were killed and sacrificed. Kidney removed and weighted on a microbalance sensitive to 0.001 mg (Precisa 125A, Switzerland) (Najafi et al., 2015; Jalili et al., 2017) .
Griess method. Nitric oxide in serum samples were determined by Griess staining method. To measure nitrite concentration in serum, in this assay after de-freezing the serum samples, supernatant (400 ml) was deproteinized with zinc sulfate. Then, 100 ml supernatant was taken and 100 ml vanadium chloride, 50 ml solfanile amide and 50 ml NEDD (N-1 (naphtylen) ethylenediamine dihydrochoride) were added. Standard solutions of sodium nitrate prepared with different concentrations of nitrate. Samples' optical density (OD) was assessed using ELISA reader at the wavelength of 540 nm (Jalili et al., 2015) .
Histological and morphometric examinations. Kidney tissues were fixed in 10 % formalin solution for 72 hour then dehydrated in a grated series of ethanol cleared in xylene and embedded in paraffin wax. Microtome sections (5 mm thick) (Leica RM 2125, Leica Microsystems Nussloch, Germany) were prepared from kidney samples and stained with Hematoxylin and eosin and evaluated by light microscopy. From each sample, 5 sections, 3 fields view from each slide for analyzing diameter of glomerulus, distal and proximal convoluted tubule and glomerulus number using an Olympus BX-51T-32E01 research microscope connected to a DP12 Camera with 3.34-million pixel resolution and Olysia Bio software (Olympus Optical, Tokyo, Japan) Jalili et al., 2017) .
Data analysis.
One-way analysis of variance (ANOVA) and Tukey tests were used to perform the statistical analysis of experimental groups compared to control group.
RESULTS
The effect of morphine caused a significant decrease in the kidney weight of the mice compared to -saline group (p<0.05). Resveratrol and resveratrol plus morphine increased the kidney weight in all doses in comparison with morphine group (p<0.05) (Fig. 1) .
Further, morphine significantly increased the mean diameter of glomerulus and distal and proximal convoluted tubule (p<0.05). Moreover, resveratrol and resveratrol plus morphine significantly decreased the diameter of glomeruli and distal and proximal convoluted tubule compared to morphine group (p<0.05) (Fig. 2) . Fig. 2 . Effect of morphine, resveratrol and resveratrol plus morphine administration on kidney morphometric examinations. A; the mean diameter of distal convoluted tubule, B; the mean diameter of proximal convoluted tubule C; the mean diameter of glomerulus. *Significant increase of morphometric examinations in morphine groups compared to saline groups (P < 0.05). **Significant decrease of morphometric examinations in all doses of resveratrol compared to morphine groups administration (P < 0.05). ***Significant decrease of morphometric examinations in all doses of resveratrol plus morphine compared to morphine groups (P < 0.05). Fig. 1 . Forty-eight mice were equally divided into 8 groups.*Significant decrease of kidney weight in morphine group compared to saline group (P < 0.05). **Significant increase in all doses of resveratrol compared to morphine group (P < 0.05). ***Significant increase in all doses of resveratrol plus morphine compared to morphine group (P < 0.05).
The findings of BUN, creatinine, LDH enzymes and NO blood serum measurement indicated a significant increase between saline group and morphine (p<0.05). Moreover, resveratrol and resveratrol plus morphine significantly decreased the blood serum of BUN, creatinine, LDH and NO in all groups compared to morphine group (p<0.05) (Fig. 3) .
In addition, morphine caused a significant decrease in the glomeruli number in comparison with saline group (p<0.05). However, resveratrol and resveratrol plus morphine significantly increased number of glomeruli in all doses compared to morphine group (p<0.05) (Fig. 4) . Fig. 3 . Effect of morphine, resveratrol and resveratrol plus morphine administration on the mean of kidney biochemical factors. A; BUN enzyme B; creatinine enzyme C; LDH enzyme D; blood serum NO. *Significant increase of the biochemical factor levels in morphine groups compared to saline groups (P < 0.05). **Significant decrease of the biochemical factor levels in all doses of resveratrol administration compared to morphine groups (P <0.05). ***Significant decrease of the biochemical factor levels in all doses of resveratrol plus morphine administration compared to morphine groups (P < 0.05). Fig. 4 . Correlation analysis between treatment groups (resveratrol, morphine and resveratrol plus morphine) in mice and glomeruli number. *Significant increase in Morphine group compared to Saline group (p<0.05). ** Significant decrease in all doses resveratrol groups compared to morphine group (p<0.05). *** Significant decrease in all doses resveratrol plus morphine groups compared to morphine group (p<0.05).
Also, histological examination showed normal kidney structure in the saline and resveratrol groups. After treatment with morphine, the kidney section appeared with variable changes and marked injury. These abnormalities included expanded space of Bowman's capsule, glomerulus shrinkage, intertubular bleeding and increased diameter of distal and proximal tubules. After treatment with morphine plus resveratrol in all doses, it was recognized that resveratrol reduced kidney injury caused by morphine toxicity (Fig. 5) .
DISCUSSION
Morphine is an analgesic that is used clinically to alleviate severe pain. It is biotransformed in liver, digestive tubes and kidney and is excreted through kidney. Morphine can be metabolized into free radicals and can damage different body organs by increasing dopamine, xanthine oxidase and reactive oxygen species (Samarghandian et al., 2014) . In the present study, the protective effects of resveratrol on morphine-induced disorders and renal histomorphometry (kidney weight, diameter and number of glomeruli and renal tubules and biochemical factors of blood) were evaluated in mice. Lan et al. reported the toxic effects of morphine on kidney, which is in line with the results of current study. In the present study, the results of kidney weight measurement in the study groups indicated that morphine administration reduced the mean weight of kidneys. These effects, however, were significantly reduced by resveratrol administration. Morphine can decrease the kidney weight by damaging the kidneys and disturbing the metabolism of mice. Also, reduced weight of kidneys can be associated with decreased number of glomeruli due to morphine administration (Atici et al., 2005) . It seems that resveratrol has antioxidant properties and inhibitory effects on free radicals. Its antioxidant ability is dependent on the properties of hydroxyl polyphenol groups, through which it can neutralize the effects of morphine (Kasdallah-Grissa et al., 2006; Ghanim et al., 2010) showed that resveratrol has protective effects against ethanolinduced oxidative stress in testis tissue, confirming the findings of the present research. The results of current study revealed that morphine administration increased the diameter of glomeruli and renal tubules and decreased the number of glomeruli compared to the saline-receiving group. These effects were partly eliminated by resveratrol administration. Morphine can cause dysfunction and impairment of renal Fig. 5 . Histological changes of the kidneys (hematoxylin-eosin, ¥ 100). A, Normal kidney structure in the saline group. B, Normal kidney structure in the group treated with resveratrol, 20 mg/kg. Glomeruli with Bowman's capsule and distal and proximal tubules were observed in a specific range. C, in morphine group, increased Bowman's capsule space and glomerular shrinkage (yellow arrow), intertubular bleeding (black arrows), increased diameter of distal (star) and proximal (circle) tubules were seen. D, Normal kidney structure in the group treated with morphine plus resveratrol, 20 mg/kg. glomeruli and podocytes by affecting the filtration of glomeruli and their number, diameter and structure through superoxide production by macrophages and DNA damage (Singhal et al., 1994) . It seems that resveratrol, as an antioxidant, can inhibit apoptotic induction and DNA damage against oxidative stress resulting from some materials (Revel et al., 2001) . The results of the study by Jalili et al. (2017) confirm the findings of the present study in that thymoquinone, as an antioxidant, can eliminate the toxic effects of morphine.
The results of the current study showed the increased level of enzymes in morphine-receiving group, which was reduced in the blood sample of study groups by resveratrol administration. The effects of resveratrol in reducing creatinine level and improving pathologic changes of kidney seem to be associated with activation of Sirt 1 and reduced expression of Smad 3 (Huang et al., 2014) . Resveratrol can reduce renal impairment by inhibition of renal fibrosis and downregulation of accumulation of macrophages and expression of IL-6, ICAM and MCP-1. It seems that resveratrol, as an anti-fibrotic factor, is able to prevent renal damage (Xue et al., 2016) . The results of this study indicated that nitric oxide level in blood serum of groups receiving morphine was significantly increased compared with saline group, and resveratrol administration could reduce the effects of morphine on NO level. The molecular mechanism shows that morphine induces increased NO production through intracellular regulation of calcium and activation of calcium/ calmodulin-dependent NOS. Nitric oxide is a free radical that is produced in mammalian cells and is involved in the regulation of physiologic processes, and its increase is followed by various diseases . As an antioxidant and a scavenger of free radicals, resveratrol can increase the activity of antioxidant enzymes. Resveratrol can reduce the production of NO and induction of NOS isoforms such as iNOS and can inhibit the activity of iNOS activating enzymes by affecting oxidative stress and nitrosative in microglial cells (de la Lastra & Villegas, 2007) . The findings of the current study showed that resveratrol, as an antioxidant, can have beneficial effects against morphineinduced impairments, which are mainly due to oxidative stress induction.
CONCLUSION
The present study showed that resveratrol can significantly improve impairments resulting from the toxicity of morphine in the kidneys. The results also suggest the protective of resveratrol antioxidant effects against toxic effects of morphine-treated male mice. Further research in animal models is required for a better understanding for the molecular interaction between resveratrol and morphine mechanism. 
RESUMEN:
La morfina produce radicales libres y causa apoptosis en algunas células. El resveratrol (RSV) es un tipo de fenol natural y una fitoalexina producida por varias plantas en respuesta a una lesión. Se asignaron al azar 48 ratones machos a 8 grupos. En este estudio se administraron varias dosis de RSV (2, 8 y 20 mg/kg) y RSV más morfina (2, 8 y 20 mg/kg) intraperitoneal en ratones machos durante 20 días consecutivos y se estudió el peso de los riñones, las características bioquímicas, los marcadores morfométricos y el nivel de óxido nítrico en suero sanguíneo. Los resultados indicaron que la administración de morfina aumentó significativamente el diámetro medio del glomérulo y de los túbulos distal y proximal, los niveles de lactato deshidrogenasa (LDH), nitrógeno ureico en sangre (BUN), la creatinina y el óxido nítrico en comparación con el grupo salino (p <0,05). Sin embargo, el RSV y el RSV más morfina en todas las dosis redujeron significativamente el número de glomérulos y LDH, BUN, la creatinina y el óxido nítri-co en comparación con los grupos de morfina (p <0,05). Por lo tanto, los resultados podrían indicar que el resveratrol mejoró el daño renal inducido por la morfina en ratones.
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